We examined the distribution and multiplication of Ralstonia solanacearum (Synonym Pseudomonas
INTRODUCTION
Bacterial wilt caused by Ralstonia solanacearum (Syn onym Pseudomonas solanacearum20)), distributed widely in tropical, subtropical and some warm temperate regions worldwide, is one of the most important diseases of solanaceous crop plants8). As the most successful method of control for bacterial wilt is the use of resis tant cultivars16), several highly resistant tomato root stocks have been developed in Japan12,21). Grafting of susceptible tomato cultivars onto resistant rootstocks has been adopted to manage bacterial wilt11, 12, 21) In our previous report13), plants of the resistant root stock cultivar LS-89 (Lycopersicum esculentum) which were inoculated with R. solanacearum after trimming the lateral roots, and immersing the root ball in bacte rial suspension, showed latent infection or mild wilting. When scions of the susceptible cultivar Ponderosa (L. esculentum) grafted on LS-89 rootstocks were similarly inoculated with the pathogen, many Ponderosa scions had infection with the pathogen moved from latently infected LS-89 rootstocks and wilted.
To clarify the mechanism of bacterial wilt resistance hypocotyl by light microscopy showed brown discolora tion in xylem tissues in Ponderosa but no such discolora tion except occasional brown spots in LS-89 (data not shown). In infected Ponderosa plant tissues, purple stained bacterial masses occurred in the primary and secondary xylem vessels (Plate I-2), occupying a major space in each vessel (Plate I-2). Often, bacterial masses were observed in intercellular spaces of necrotic cells in xylem and nearby pith tissues (data not shown) . Occa sionally, large, bacteria-filled cavities due to cell ne crosis occurred in thessrred in these tissues. In Ponderosa, tylose formation was observed rarely in primary and second ary xylem vessels in inoculated (e. g., Plate I-2) and mock-inoculated plants (e.g., Plate I-1). No purple stained bodies were observed in the vessels of mock inoculated Ponderosa plant tissues (Plate I-1).
In infected LS-89 plant tissues, bacterial masses occur red in the primary xylem tissues but not in secondary xylem tissues (Plate I-4, 6). In tissues of upper hypo cotyls with brown spots in the cut surface, bacterial masses were observed in primary xylem vessels and occasionally in surrounding necrotic cells (Plate I-6). Tissues of upper hypocotyls that showed no brown spots in the cut surface had bacterial masses in necrotic cells or intercellular spaces (Plate I-5). Generally, the size of bacterial masses in each xylem vessel was smaller in LS-89 than in Ponderosa (Plate 1-2 and I-4). In infected LS-89, marked histological changes were not observed either in xylem or other tissues except for the bacterial masses in cells or intercellular spaces (compare Plate I-3 and I-6). In LS-89, tyloses formed in some vessels of the primary and secondary xylems, both in inoculated and mock-inoculated plants (data not shown). No bacterial masses were observed in xylem tissues in mock inoculated plant tissues (Plate 1-3 Because of the limi tation in both bacterial movement and multiplication in LS-89 rootstocks, the movement of bacteria from root stocks to scions may be less in number when LS-89 was used as the rootstock than when Ponderosa was used. In this study, light microscopy of tissues samples collected from upper hypocotyls showed bacterial masses only in the primary xylem in LS-89, but in both the primary and secondary xylems in Ponderosa. Furthermore, the frequency of bacterial masses in ves sels in transverse sections was high in Ponderosa, but low in LS-89. In tomato seedlings in which the secondary xylem had not been developed yet, bacterial coloniza tion was observed in some vessels of the primary xylem in hypocotyls of partially wilted plants17) and in the protoxylem and metaxylem (mainly in pitted vessels (metaxylem vessels)2)) in epicotyls of susceptible plants, as opposed to primarily in the protoxylem vessels in epicotyls of resistant plants6). The results in this study and earlier studies6,13,17) indicate that R. solanacearum colonizes vessels of the protoxylem and primary and secondary xylem in susceptible cultivars, whereas it colonizes inner parts of the xylem, mainly the primary xylem, in resistant cultivars. The spread of the pathogen horizontally from the protoxylem or primary xylem tissues to other xylem tissues seems to be limited in resistant cultivars.
Wilting of plants infected with bacteria is likely in duced by the blocking of water conductance resulting from mechanical plugging of xylem vessels3), as has also been described in bacterial wilt of tomato with vessels becoming plugged by bacterial masses10), extracellular polysaccharides9) or tyloses18). R. solanacearum -infected LS-89 escaped from wilting because bacterial masses were low in frequency and smaller in size in stem tis sues.
Tylose formation in infected Ponderosa and LS-89 plants was essentially similar, inconsistent with the report of Grimault et al. 6 ) correlating a limitation of bacterial spread in a resistant tomato with the produc tion of tyloses in bacterial colonized and adjacent ves sels. Tylose formation may not be a necessary factor to limit bacterial movement. Why R. solanacearum does not multiply or migrate extensively in tissues of resis tant plants remains to be clarified. 
